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EXPLANATION
Knowledge of the quality of the Nation's streams and aquifers is important because of the implications to human and aquatic health and because of the significant costs associated with decisions involving land and water management, conservation, and regulation. In 1991, the U.S. Congress appropriated funds for the U.S. Geological Survey (USGS) to begin the National Water-Quality Assessment (NAWQA) Program to help meet the continuing need for sound, scientific information on the areal extent of the water-quality problems, how these problems are changing with time, and an understanding of the effects of human actions and natural factors on water-quality conditions.
The NAWQA Program is assessing the water-quality conditions of more than 50 of the Nation's largest river basins and aquifers, known as Study Units. Collectively, these Study Units cover about one-half of the United States and include sources of drinking water used by about 70 percent of the U.S. population. Comprehensive assessments of about one-third of the Study Units are ongoing at a given time. Each Study Unit is scheduled to be revisited every decade to evaluate changes in waterquality conditions. NAWQA studies rely heavily on existing information collected by the USGS and many other agencies as well as the use of nationally consistent study designs and methods of sampling and analysis. Such consistency simultaneously provides information about the status and trends in water-quality conditions in a particular stream or aquifer and, more importantly, provides the basis to make comparisons among watersheds and improve our understanding of the factors that affect waterquality conditions regionally and nationally.
This report is intended to summarize major findings that emerged between 1992 and 1995 from the water-quality assessment of the Trinity River Basin Study Unit and to relate these findings to water-quality issues of regional and national concern. The information is primarily intended for those who are involved in water-resource management. Indeed, this report addresses many of the concerns raised by regulators, water-utility managers, industry representatives, and other scientists, engineers, public officials, and members of stakeholder groups who provided advice and input to the USGS during this NAWQA Study Unit investigation. Yet, the information contained here might also interest those who simply wish to know more about the quality of water in the rivers and aquifers in the area where they live.
Robert M. Hirsch, Chief Hydrologist
Nutrients in streams (p. 6-7)
Nutrients in tributary streams rarely are at concentrations unacceptable for drinking water.
• Total nitrogen concentrations are similar in urban and agricultural streams and are larger in urban and agricultural streams than in streams in rangeland and forest areas.
• The only samples with nitrate concentrations greater than the U.S. Environmental Protection Agency (EPA) drinkingwater standard are from Calloway Branch (an urban stream) and the Trinity River downstream from Dallas (affected by point sources).
• Total phosphorus concentrations are similar in all tributaries, regardless of land use.
• Nutrient concentrations in streams vary seasonally and are as much as 100 percent greater during the spring than during the winter.
Pesticides in streams (p. 8-9)
Pesticides are in most streams. Much of the streamflow is captured by reservoirs, which are sources of drinking water.
• Four to six herbicides commonly were detected in streams draining urban and agricultural areas. Atrazine was detected in samples from all streams draining urban and agricultural areas. Atrazine concentrations in agricultural streams often exceed the drinking-water standard during the spring when atrazine is applied to fields and rains producing runoff are most common.
• Two to four insecticides commonly were detected in streams draining urban areas, and usually no more than one insecticide was detected in streams draining agricultural areas. Diazinon is in all samples from streams draining urban areas. Diazinon concentrations in urban streams exceed the EPA health advisory level for drinking water in 15 percent of samples.
Determining water-quality trends using sediment cores (p. 10-11) Lead, DDT, and polychlorinated biphenyl (PCB) concentrations have decreased, but chlordane, polycyclic aromatic hydrocarbon (PAH), and zinc concentrations have increased in sediments from urban streams since the mid-1960s.
• Environmental trends in contaminants tend to follow historical use. For example, lead concentrations in a White Rock Lake sediment core peaked in the 1970s at about 5 times background concentrations and decreased since the introduction of unleaded gasoline to about 2 times background concentrations by the early 1990s.
• DDT and PCB concentrations have decreased about 90 percent in the White Rock Lake core since their use was banned in the 1970s.
• Chlordane concentrations increased in response to urban growth and increasing use of chlordane during the 1970s and 1980s and peaked soon after use was banned in the late 1980s.
• PAH concentrations in the White Rock Lake sediment core are 20 times greater in recent sediments than in preurbanization sediments, and zinc concentrations have increased about 60 percent. Both probably result largely from automobile use in the watershed.
Organochlorines in streambed sediments and aquatic biota (p. 12-13)
Concentrations of some toxic compounds in sediments commonly exceed Texas Natural Resource Conservation Commission screening concentrations.
• Concentrations of chlordane, dieldrin, and the DDT environmental degradation products, DDD and DDE, in bed sediment are larger in streams draining urban areas than in streams draining agricultural areas and exceed Texas Natural Resource Conservation Commission screening concentrations for these compounds in sediment.
• Chlordane, DDT, and PCBs are more commonly detected in fish in streams draining urban areas than agricultural areas.
SUMMARY OF MAJOR ISSUES AND FINDINGS IN THE TRINITY RIVER BASIN
Stream-habitat characteristics and fish-community degradation (p. 14-16) Fish communities are affected by characteristics of streamflow and the structure of physical habitats in the stream channel, in addition to water chemistry. In streams where historical patterns of streamflow have been altered by channelization, degradation in the fish community has occurred.
• Streams in developed urban and agricultural settings generally have more variable streamflow, more degraded and less diverse physical habitats, and more degraded fish communities than comparable streams in less-developed settings.
• The urban stream West Fork Trinity River in Fort Worth has highly variable streamflow, is channelized with little or no meandering, has few woody snags in the stream, and has low woody-species diversity in the riparian zone. As a result, more nonnative and generally more pollutant-tolerant species of fish are in this stream than in comparable natural streams.
• The Blackland Prairie stream Chambers Creek is channelized and leveed in its lower reach, which has reduced the structural complexity of physical habitat. A high percentage of tolerant fish species are present in this reach of Chambers Creek.
Use of a new method, semipermeable membrane device (SPMD), to assess the occurrence of water-borne PAHs in streams (p. 17-18)
The SPMD is an effective tool to detect trace organic compounds in water. The small concentrations of many compounds in streams might not be detected by more traditional water-sampling techniques.
• Twenty-five PAHs were detected in SPMDs deployed in urban streams in the Dallas-Fort Worth metropolitan area.
• Nine of the PAHs detected by the SPMDs are on the Public Health Service Agency for Toxic Substances and Disease Registry priority list of 275 hazardous substances, and two, benzo(a)pyrene and benzo(b)fluoranthene, are ranked in the top 10.
Fish-community changes reflect water-quality improvements (p. 19-21)
Improvements in the treatment of wastewater in the Dallas-Fort Worth area from the early 1970s through the mid-1990s have been beneficial to the water quality of the Trinity River.
• Ammonia plus organic nitrogen concentrations in the Trinity River downstream from Dallas have decreased about 95 percent from more than 10 milligrams per liter in the 1970s to near trace concentrations in the mid-1990s.
• Dissolved oxygen conditions in the Trinity River downstream from Dallas have improved vastly from the 1970s, when occurrences of nearly no dissolved oxygen were common, to the mid-1990s, when concentrations were almost never less than 5 milligrams per liter.
• The fish community has improved markedly since the mid-1980s when several fishkills occurred. Now (1998), many native species of fish that were absent in the 1970s have returned to the Trinity River downstream from Dallas.
Quality of ground water in aquifer outcrops (p. 22-23)
Pesticide, volatile organic compound (VOC), and elevated nutrient concentrations were present in some shallow (outcrop) water wells in urban and agricultural areas; however, most samples did not exceed drinking-water standards.
• About 10 to 30 percent of samples from the shallow zone (outcrop) of each of four aquifers contained herbicides, and about 5 to 50 percent contained insecticides. None of the pesticide concentrations in samples of shallow ground water exceeded drinking-water standards or health advisory levels. Thirteen percent of nitrate concentrations in the shallow zone of the Woodbine aquifer exceeded the EPA standard for drinking water.
• VOCs were detected in one or more samples from each of the four aquifers sampled. The most commonly detected VOC was MTBE, a gasoline additive, in the urban part of the Woodbine aquifer.
• None of the samples from the Trinity aquifer exceeded EPA maximum contaminant levels for drinking water; however, the insecticide diazinon was detected in nearly one-half the samples. Grand Prairie: The terrain is characterized by nearly level plains and rolling hills and is naturally devoid of trees except along streams. Much of Fort Worth is located on the Grand Prairie.
SUMMARY OF MAJOR ISSUES AND FINDINGS IN THE TRINITY RIVER BASIN
Surface water, almost entirely from reservoirs, supplies more than 90 percent of the water used in the basin. With the large population and concentration of businesses and industries in the Dallas-Fort Worth area, many reservoirs have been built for water supply and flood protection. Relatively little water is used for irrigating crops. Aquifers outcrop in all or parts of the Western and Eastern Cross Timbers, Eastern Timberlands, Texas Claypan, and Coastal Prairie and Marsh. Ground water is used for municipal and domestic supply in some of the smaller towns and in rural areas.
The environmental setting is an integration of many physical and hydrologic features and human activities. Physical and hydrologic features include location, topography, physiography, geology, soils, climate, natural vegetation, streams, and aquifers. A classification of Integrated Land Resource Units characterizes the physical and hydrologic features (Ulery and others, 1993) . Past and current human activities, including construction of reservoirs, urbanization, farming, ranching, and oil and gas production, have greatly altered the natural environment in the Trinity River Basin.
North Central Prairie:
The terrain is nearly level to hilly and covered with natural vegetation, which mostly is prairie grass. However, brush has encroached into much of the area. Substantial amounts of oil and gas are produced in the area. The principal agricultural product is cattle.
Western and Eastern Cross Timbers:
The terrain is hilly and oak trees are a prominent feature, especially when contrasted with prairies immediately to the east and west of each of these areas. The area is suitable for raising cattle. The Eastern Cross Timbers between Fort Worth and Dallas has been urbanized.
Blackland Prairie: The terrain varies from nearly level to rolling hills, has very fertile soils, and, in its natural state, is largely a grassy plain except along the streams. Much of the area has been cultivated in the past; however, a large part of the cultivated acreage has been converted back to pasture for cattle grazing. Much of the Dallas metropolitan area is on the Blackland Prairie.
Texas Claypan:
The terrain is mostly rolling hills. The natural vegetation is mostly prairie grasses and oaks. Agriculture is dominated by cattle ranching. Lignite coal is mined locally and is used to fuel nearby electric power plants.
Eastern Timberlands:
The terrain varies from a rolling plain to gently rolling hills. The area is noted for piney woods and produces nearly all the commercial timber in Texas. The area also is a major producer of oil and gas. Perennial streams are prevalent.
Coastal Prairie and Marsh:
The area is very flat. Natural vegetation is prairie grasses with stands of hardwoods and pines. The area is extensively cultivated for growing rice. However, much of the cultivated acreage is being converted to pasture for cattle grazing. Oil and gas also are produced in the area.
Bottomlands:
The Bottomlands lie along the Trinity River and the lower reaches of major tributaries. Many reservoirs in the Trinity River Basin have greatly reduced the historical magnitude and frequency of floods in the Bottomlands. Hydrologic conditions in the Trinity River Basin are best characterized by precipitation and streamflow. Precipitation varies considerably across the Study Unit, with average annual rainfall ranging from about 27 inches in the northwestern part to about 52 inches in the southeastern part. Streamflow generally is proportional to precipitation and the size of the watershed, except downstream from reservoirs and point sources such as wastewater-treatment plants. To characterize the hydrologic conditions in the Trinity River Basin during the March 1993-September 1995 intensive sampling phase, monthly precipitation and daily streamflow from October 1992 to September 1995 at selected stations are graphed and interpreted.
ENVIRONMENTAL SETTING AND HYDROLOGIC CONDITIONS IN THE TRINITY RIVER BASIN
Precipitation: Essentially all the precipitation in the Trinity River Basin is rain. At the three selected precipitation sites across the basin, rainfall was about normal in 1993 and 1994 and about one-third greater than normal in 1995. The greatest flooding occurred in October 1994 in the southern part of the study area where 18.5 inches was recorded in 1 day and more than 26 inches in 3 days. The rainfall data suggest that water-quality data collected during and shortly after the October 1994 flood would reflect unusual hydrologic conditions. Streamflow: Two stream configurations are in the Trinity River Basin; one is tributary streams and the other is the main stem of the Trinity River. Much of the water in tributary streams is captured by reservoirs and becomes a water supply. Water in the main stem provides water to Lake Livingston, also used for water supply, and to coastal bays and estuaries. The hydrographs for two tributaries, Big Sandy Creek and Chambers Creek, show streamflow decreases to relatively low levels each year during the summer. Flow in the Trinity River at Romayor, about 70 miles upstream from the mouth, is controlled by releases from Lake Livingston. The hydrographs indicate that data collected during the sampling period are representative of normal conditions, except during 1995 in the lower reach of the Trinity River when flows were well above average.
Reservoirs:
There are 22 reservoirs in the Trinity River Basin with more than 10,000 acre-feet of storage and hundreds of smaller reservoirs, mostly floodcontrol structures built by the Natural Resources Conservation Service (Ulery and others, 1993) . These reservoirs have an appreciable effect on streamflow and water quality in the basin. They tend to increase base flow in streams by releasing stored water during dry periods. They tend to reduce flood peaks by storing floodwaters. They affect water quality by trapping sediment and associated nutrients and contaminants and by altering the stream habitat both in the flooded lake area and downstream. Most nitrate (as nitrogen) concentrations were less than 2.5 milligrams per liter. The distribution patterns of total nitrogen and three nitrogen species in the tributary streams draining agricultural and urban areas were very similar. Tributary streams draining rangeland and forest land had fewer samples with concentrations greater than 2.5 milligrams per liter, a result that is attributed to lesser amounts of fertilizer applied in rangeland and forest land than in agricultural and urban lands. Samples from the Trinity River downstream from Dallas, where the streamflow is dominated by effluent from regional wastewater-treatment plants, had appreciably greater concentrations of nitrate and total nitrogen than streams affected only by nonpoint sources (Shipp, 1995a) .
About 30 percent of the total phosphorus samples from tributary streams draining the three land-use areas had concentrations greater than the EPA guideline, and all the samples from the Trinity River downstream from Dallas had concentrations greater than the EPA guideline. For the 10 sampling sites on tributaries that flow directly into reservoirs, concentrations in about 50 percent of the samples exceeded the EPA guideline. The distributions of total and dissolved phosphorus and orthophosphate concentrations were similar for tributary streams draining urban, rangeland, and forest land. In agricultural areas, fewer sample concentrations were greater than 0.10 milligram per liter. Within the agricultural area, concentrations of total phosphorus (and total nitrogen) tend to increase as the percentage of cropland increases.
Nutrient sampling sites on streams of the Trinity River Basin during 1993-95. The greatest density of sites is in agricultural and urban areas. 
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MAJOR ISSUES AND FINDINGS
Nutrients In Streams
The largest nutrient concentrations were downstream from wastewater point sources, and the smallest nutrient concentrations were immediately downstream from reservoirs.
Total nitrogen and total phosphorus concentrations show noticeable seasonal patterns (Land and Shipp, 1996) . Median total nitrogen concentrations increase from midwinter to midspring, decline in the summer, and increase again in the fall; median total phosphorus concentrations follow a generally similar pattern. Because much greater amounts of fertilizer are applied in the spring than in other seasons, the timing Pesticides (herbicides, insecticides, and fungicides) are present in streams throughout the basin (Shipp, 1995b; Ulery and Brown, 1995) . Herbicides are used to control nuisance plants. In agricultural areas, they commonly are applied to the soil in late winter or early spring and during the growing season to improve crop yields and quality. In urban areas, they are used to control weeds in lawns and unwanted vegetation along streets and highways to improve safety and reduce maintenance. Insecticides are used to control insects that might damage crops, landscaping, and buildings or cause disease in humans and animals. Modern insecticides are designed to decompose into less harmful products faster than many older insecticides. Fungicides are used to control plants such as molds and mildews. Even though pesticides are very useful, they can be harmful to humans, domestic animals and wildlife, desirable plants and insects, and whole ecosystems.
In most streams of the Trinity Basin, herbicides are more prevalent than insecticides-the number of herbicide detections was greater than the number of insecticide detections. The most commonly detected herbicide in 284 samples collected from March 1993 to September 1995 is atrazine. Atrazine typically is used on fields of corn, hay, and sorghum and on lawns. Atrazine was detected in about one-half the 38 samples from 17 rangeland and forest stream sites, in more than 95 percent of the 148 samples from 15 agricultural stream sites, in all 75 samples from About 6 percent of 277 samples from 44 stream sites had concentrations of atrazine, the most commonly detected herbicide, that exceeded the 1996 EPA MCL.
11 urban stream sites, and in all 16 samples from a site on the Trinity River downstream from Dallas. The EPA 1996 MCL for atrazine is 3.0 micrograms per liter. Generally, the agricultural stream samples had larger atrazine concentrations than samples from rangeland and forest streams, urban streams, or the Trinity River downstream from Dallas. About 12 percent of the agricultural stream samples had atrazine concentrations greater than the MCL; none of the samples from rangeland and forest streams, urban streams, and the Trinity River downstream from Dallas had atrazine concentrations greater than the MCL.
Atrazine concentrations show a seasonal pattern. Concentrations tend to rise to seasonal highs in the spring and then decline to seasonal lows that last from late summer through midwinter (Land and Brown, 1996) . The median atrazine concentration among all samples was 0.26 microgram per liter. The highest monthly median concentration, in April, was about 70 percent of the MCL for atrazine; monthly median concentrations from late summer to midwinter were less than one-tenth of the April median concentration.
The most commonly detected insecticide in the 277 samples was diazinon. Diazinon generally is applied to lawns, gardens, and landscaped areas. Diazinon was detected in about one-half of the rangeland and forest samples and agricultural samples, in all the urban samples, and in about 90 percent of the Trinity River downstream from Dallas samples. The EPA 1996 lifetime health advisory (HA) (the concentration in drinking water that is not expected to cause any adverse noncarcinogenic effects over a lifetime of exposure) for diazinon is 0.6 microgram per liter. 
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Richland-Chambers Reservoir
Seasonality of atrazine and diazinon concentrations in streams of the Trinity River Basin during 1993-95 reflects the timing of applications and runoff. Each bar shows the range between the 10th and 90th percentiles. The black line in each bar shows the monthly median concentration as a percentage of the annual median.
Generally, diazinon concentrations are larger in urban stream samples than in stream samples from other settings. About 15 percent of the diazinon concentrations in the urban streams exceeded the HA.
Diazinon concentrations do not show a distinct seasonal pattern. The median diazinon concentration among all samples was 0.008 microgram per liter. None of the monthly median concentrations exceeded the HA for diazinon.
Pesticides other than atrazine and diazinon also are commonly detected in basin streams. Twenty-three different herbicides were detected in rangeland and forest streams, 19 in agricultural streams, and 24 in urban streams. Among herbicides other than atrazine, prometon was detected in almost 40 percent of the agricultural stream samples and in more than 90 percent of the urban stream samples at concentrations well below its 1996 EPA HA of 100 micrograms per liter. Metolachlor and simazine were detected in more than one-half the samples from agricultural and urban streams and from the Trinity River downstream from Dallas, each at concentrations below its respective 1996 EPA HA (for metolachlor) and MCL (for simazine).
Five different insecticides were detected in rangeland and forest streams, 10 in agricultural streams, and 10 in urban streams. Among insecticides other than diazinon, carbaryl and chlorpyrifos were detected in slightly more than 60 percent of the urban tributary stream samples, each of those compounds at concentrations below its respective 1996 EPA HA.
Although the concentrations of individual pesticides in most samples were less than EPA MCLs and HAs, some concerns remain. One involves pesticide concentrations in reservoirs: In the Trinity River Basin, nearly all streamflow is captured by reservoirs, many of which provide drinking water to urban areas. Pesticide concentrations in reservoirs could be greater than average concentrations in inflowing streams because much of the annual inflow to reservoirs occurs in the spring when runoff and pesticide use are greatest. For example, five samples from Richland-Chambers Reservoir collected in 1995 contained from six to eight pesticides each, and the three samples collected in June, after spring runoff, had atrazine concentrations of about 3 micrograms per liter (Land, 1997) . Another concern involving pesticides in drinking water is that there is a lack of understanding of the toxicity of combinations of pesticides. Current EPA MCLs and HAs are only for individual compounds.
Distributions of selected herbicides and pesticides in streams of the Trinity River Basin during 1993-95 are related to land-use practices. White Rock Creek Basin
White Rock Lake was built in 1912 at a time when agriculture dominated land use. Since that time, the watershed has been incorporated into the growing Dallas metropolitan area. In 1935, urban land use in the watershed was 6 percent; by 1990, urban land use was 72 percent. The watershed is 100 square miles, and the surface area of the reservoir is 1.7 square miles. Sedimentation in the reservoir since its construction has reduced its storage capacity by one-half.
Sediment cores were collected near the dam from a pontoon boat. The reservoir sediment has a large water content relative to the pre-reservoir sediment, which was dry and crumbly. The cores, measured in centimeters (2.54 centimeters = 1 inch), were sliced into 2-to 5-centimeter sections that were analyzed for a number of constituents, including trace elements, organochlorine compounds, and polycyclic aromatic hydrocarbons (PAHs).
Age-dating of core sediments was done by analysis of their cesium-137 content. Cesium-137 is a by-product of nuclear weapons testing. It first occurred in the atmosphere in about 1952 and peaked during 1963-64. It adsorbs strongly to fine-grained sediments and therefore can be used to determine the time of deposition of sediments that have been exposed to atmospheric fallout. Cesium-137 first was detected in White Rock Lake core sediments at a depth of 60 to 63 centimeters (1952) and peaked at a depth of 48 to 51 centimeters (1963) . The depth of the interface between pre-reservoir and reservoir sediment, 136 centimeters, corresponds to the reservoir construction date (1912) , and the top of the core corresponds to the sampling date (July 1994). Cores are collected by lowering the coring tool from the 15-foot aluminum A-frame on a custombuilt pontoon boat.
Trends in DDT and
Removal of a 5-centimeter subsample of the sediment core for laboratory analysis.
Undeveloped land
MAJOR ISSUES AND FINDINGS Determining Water-Quality Trends Using Sediment Cores, White Rock Lake, Dallas
Cesium-137, a by-product of nuclear testing, was used to date sections of reservoir sediment from the core.
(Agency for Toxic Substances and Disease Registry, 1994). PAH and benzo(a)pyrene concentrations in sediments increased more than 20 times from pre-1950s to the early 1990s.
Lead concentrations in sediments deposited from 1952 to 1976 correspond to an increase in urbanization of the drainage basin and increased use of leaded gasoline. The marked decrease in lead concentrations in sediments deposited after 1976 coincides with the change from leaded to unleaded gasoline. Median lead concentrations have remained constant since the mid-1980s at double the pre-1952 concentrations, reflecting urban and industrial sources other than gasoline. The trend in lead concentrations thus reflects the effects of the change to unleaded gasoline and increased urbanization on water quality in White Rock Creek.
Zinc is used in tires and in a number of industrial processes and is present in concentrations 66 percent larger in recently deposited sediments than in those deposited before 1952. Use of organochlorine pesticides and PCBs was widespread beginning in the 1940s until bans and use restrictions were placed on these compounds in the 1970s and 1980s. Organochlorine compounds tend to be persistent in the environment. Compounds such as chlordane, DDT and its environmental degradation products (DDD and DDE), and PCBs are water insoluble, are strongly associated with organic carbon and fine sediment, and have long half-lives. Organochlorine compounds were selected by NAWQA for assessment because these compounds are not metabolized rapidly and because they have high bioaccumulation and bioconcentration factors (Crawford and Luoma, 1993) .
The distribution of organochlorine compounds in streambed sediments and biota is, in part, a reflection of the historical applications of pesticides. In the Trinity River Basin, pesticide uses were concentrated in agricultural areas, particularly the Blackland Prairie (Ulery and Brown, 1995) , and in urban settings such as the DallasFort Worth metropolitan area.
Surficial streambed-sediment and aquatic-biota samples were collected at 16 sites in the Trinity River Basin during late winter 1992 and early spring 1993 (Moring, 1997) . Sites on Trinity River tributaries were chosen to reflect general urban, agricultural, rangeland, and forest land-use areas. Aquatic-biota samples from tributary sites were corbicula (asiatic clams). Four Trinity River main-stem sites also were selected. Because corbicula were scarce at the main-stem sites, aquaticbiota samples at these sites were common carp and blue catfish.
Overall, more organochlorine compounds were detected in sediment than in biological tissues; however, certain organochlorines like chlordane and PCBs were detected more frequently in aquatic biota than sediment.
Organic compounds contained in chlordane (the sum of all chlordane and nonachlor compounds and oxychlordane), an insecticide typically used for the extermination of termites and fire ants, were more commonly detected in urban streams both in tissues and in sediment. The DDT degradation products, DDD and DDE, were more commonly detected in tissues at agricultural sites and more commonly detected in sediment at urban sites.
At least one concentration of each of nine organochlorine pesticides exceeded the TNRCC screening levels for these pesticides in streambed sediments (Texas Natural Resource Conservation Commission, 1996) . These screening levels are based on the 85th-percentile concentration from statewide historical data and are not health or toxicity based. Each exceedance represents 1 of the 16 sites sampled. Concentrations of the insecticide dieldrin more frequently exceeded the TNRCC screening level than did concentrations of any other organochlorines. Urban sites, more than agricultural or Trinity River main-stem sites, had concentrations that exceeded the screening levels for chlordane, dieldrin, DDD, DDE, and DDT. Since their use in agriculture was restricted Land-use and streambed-sediment and aquatic-biota collection sites in the Trinity River Basin, Texas. (Omernik, 1987) . This reach of the West Fork Trinity River has been channelized and leveed for flood control. The channel substrate is coarse, dominated by cobble and gravel from outcrops of limestone. Flows in the reach respond quickly to precipitation. However, upstream reservoirs tend to moderate low and high flows.
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Chambers Creek: The Chambers Creek reach is in the Blackland Prairie Ecoregion, which is the most intensively cultivated ecoregion in the basin. The major crops are cotton, sorghum, corn, and wheat. This region is characterized by heavy clay soils, little relief, and stream channels in the lower part of the basin that have been straightened and leveed for flood control. Streams in this ecoregion respond to heavy precipitation with rapid rises and falls in stage and large sediment loads.
Menard Creek:
The Menard Creek reach is in the Western Gulf Coastal Plain Ecoregion and in the National Park Service's Big Thicket Preserve. Adjacent land use is dominated by silviculture; however, the riparian zone and, to some extent, the flood plain contain secondary vegetative growth that has not been disturbed for many years. The watershed is characterized by acidic sandy soils, little relief, and meandering channels. Floods are attenuated by flood-plain and riparian vegetation, and stream stages change gradually.
Land use and land cover and location of selected survey reaches.
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West Fork Trinity River.
Chambers Creek.
Menard Creek. 
Stream-habitat characteristics
Stream-Habitat Characteristics
The physical and chemical characteristics of water combined with the physical features of the stream channel influence the presence or absence of particular aquatic organisms in a stream. Habitat affects species distributions at different spatial scales. For example, fish-species distribution in a stream reach is affected by climate on a regional scale, channel gradient on a local scale, and particle size of substrate at a very detailed scale. Other important factors such as stream meandering, steepness of banks, riparian vegetation, and variability of streamflow affect the habitat for fish in the stream. Not only does stream habitat have to be suitable for a particular species, it also has to support other biota that are prey for the species.
The measured habitat characteristics at the three stream reaches strongly reflect the differences in habitat among the reaches. The low bank height/channel width ratio and high density of woody vegetation in the Menard Creek reach create a setting where woody snags and logjams provide habitat for fish and an excellent environment for biota that supply food for fish. The low bank height/channel width ratio indicates bank stability and a lack of channel incision or cutting. The high density of woody vegetation moderates temperature, corresponds to stable banks with little erosion, and provides a source of organic material to the stream.
In contrast, the low sinuosity (meandering) and low channel gradient in the Chambers Creek reach could limit the number and size of pools and ripples that create a variety of habitats. Variety of habitat provides more opportunity for large numbers and varieties of species to thrive. The high
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variation in flow at Chambers Creek is associated with more frequent floods, in which organisms can be physically harmed or swept away, and more frequent very low flows, in which the volume of water is limited and species are subject to large and rapid changes in the pH, dissolved oxygen, and temperature of the water.
The high bank height/channel width ratio and low density of woody vegetation at the West Fork Trinity River site can be attributed to stream channelization associated with urban flood control. Channelization has resulted in a stream reach with little or no woody riparian vegetation to contribute structure and habitat to the channel. Channelization also causes deeper channel incision, which reduces the amount of stream-margin habitat for aquatic organisms.
Fish-Community Degradation
The evaluation of fish-community degradation involved measures of the percentage of fish species in a reach that (1) are known to be tolerant of severe environmental stresses, (2) are known to be omnivorous, (3) are not native to the stream, and (4) have physical anomalies that can be visually detected. The fishcommunity degradation index is computed from the frequency of nonnative, tolerant, and omnivorous individuals at a site and from the frequency of external anomalies observed for each species of fish.
The table shows that Menard Creek, with an index of 6, is the least degraded of the three reaches discussed here. Menard Creek percentages are lowest in all the measured categories. The Menard Creek habitat and quality of water support a robust fish community. The two other reaches, West Fork Trinity River and Chambers Creek, each have an index of 12. These two reaches are examples of highly altered streams characterized by incised and leveed channels, low density of vegetation in the riparian zones, and unstable streamflow characteristics. These and other factors, possibly including water-chemistry conditions, have contributed to degraded fish communities.
Robust fish communities with many native species are most likely to be present in streams with a complex habitat and natural, unaltered flow regimes.
In the West Fork reach, the percentage of fish with external anomalies is the greatest among the three reaches. The relatively large incidence of external anomalies could be related to the quality of water and sediment originating in the urban area. In a separate study of organic contamination in bed sediment and tissue of aquatic biota, Moring (1997) reports the occurrence and degree of contamination in streambed sediments and tissues of aquatic biota in the Trinity River Basin to be much greater in urban streams than in non-urban streams. PAHs are a group of organic compounds that are abundant in the environment and are toxic and often carcinogenic to organisms. Major sources of PAHs are oil spills and the incomplete combustion of fossil fuels.
MAJOR ISSUES AND FINDINGS
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Fish-community degradation
PAHs are metabolized and excreted by most higher vertebrates, particularly fishes, which can make assessment of concentrations in tissues impossible.
SPMD technology (Huckins and others, 1990 ) is new. An SPMD simulates the exposure to and passive uptake of highly lipid-soluble organic compounds by biological membranes. An SPMD typically consists of a long strip of low-density, polyethylene tubing filled with a thin film of a purified lipid such as triolein. The long strip of tubing and lipid film provide a large surface area/volume ratio that simulates a biological membrane such as a fish gill. The SPMDs used in this study concentrate PAHs above ambient concentrations in water and simulate biological exposure over a controlled period of deployment.
One site on each of three streams was selected for monitoring the occurrence of PAHs. The sites were chosen to reflect varied urban land uses and the influences of point and nonpoint sources of contaminants or PAHs. The monitoring was done using SPMDs during a 30-day period in late May and June 1994.
Twenty-five different PAHs were detected in the SPMDs. Twenty-three were detected at the Trinity River downstream from Dallas and White Rock Creek sites, and 21 were detected at the West Fork Trinity River site. Seventy-three percent of the PAHs from the White Rock Creek and Trinity River downstream from Dallas sites and 67 percent from the West Fork Trinity River site were substituted PAHs-that is, PAHs with one or more substituted alkyl groups attached. The largest concentrations were of unsubstituted (parent) PAHs, such as fluoranthene, chrysene, pyrene, and phenanthrene; concentrations of these PAHs consistently were largest at the White Rock Creek site and smallest at the West Fork Trinity River site.
The Public Health Service Agency for Toxic Substances and Disease Registry (ATSDR), in cooperation with the EPA, has developed a comprehensive ranking of 275 hazardous substances on the basis of their frequency of occurrence at hazardous waste sites, toxicity, and potential for human exposure (Agency for Toxic Substances and Disease Registry, 1994).
Nine of the PAHs detected by the SPMDs have been ranked as hazardous substances by the Public Health Service. Benzo(a) pyrene and benzo(b)fluoranthene are ranked in the top 10.
The results of application of SPMDs indicate that aquatic organisms at three sites near Dallas are exposed to toxic PAH compounds. The SPMD is an effective tool to detect hydrophobic organics in water. The small concentrations of the compounds in the streams might not be detected by more traditional water-sampling techniques.
Location of SPMD deployment sites in the Dallas-Fort Worth metropolitan area. In 1925, the Trinity River in the Dallas-Fort Worth area was characterized by the Texas Department of Health as a "mythological river of death." With a rapid expansion of industry and population and only primary wastewater treatment beginning in the late 1920s and secondary treatment in the mid-1930s, water-quality conditions in the area were poor. They did not substantially improve until State and Federal pollution control laws, like the Federal Clean Water Act of 1972, stimulated efforts to address degraded water-quality conditions. The Upper Trinity River Basin Comprehensive Sewage Plan of 1971 resulted in the construction of large, regional wastewater-treatment plants, elimination of many small, industrial and municipal wastewater-treatment plants, and the upgrading of existing wastewater-treatment plants.
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MAJOR ISSUES AND FINDINGS
Fish-Community Changes Reflect Water-Quality Improvements in the Trinity River Downstream from Dallas
During 1970-85, 13 fishkills were documented in the Trinity River from a reach just downstream from Dallas to Lake Livingston in the lower part of the Trinity River Basin. The magnitude and frequency of the fishkills resulted in a depleted fish community, particularly in the reach of the Trinity River immediately downstream from Dallas. An estimated 1.04 million fish died in these 13 kills. Twelve of the During 1970-85, more than 1 million fish were killed by water pollution in the Trinity River downstream from Dallas.
13 fishkills were associated with minor flooding on the Trinity River from rainfall in the Dallas-Fort Worth metropolitan area. According to the Texas Parks and Wildlife Department (TPWD), the probable cause of the kills was the resuspension of bottom sediments and associated organic material during floods that caused an increase in biochemical oxygen demand and a corresponding rapid drop in dissolved oxygen (Davis, 1987) . Ironically, improvements in water quality during the 1970s set the stage for the fishkills by allowing appreciable fish populations to live in this reach of the Trinity River.
How Has the Water Quality Improved?
Dissolved oxygen, measured as milligrams of oxygen per liter of water, has increased from lows of near zero in the early 1970s to highs of more than 10 milligrams per liter in 1996. Notable improvement in dissolved oxygen concentrations in the Trinity River downstream from Dallas began in the late 1970s and continued through the 1980s and into the 1990s. Dissolved oxygen was consistently recorded above the TNRCC (Texas Natural Resource Conservation Commission, 1996) from wastewater-treatment plants and industry.
Advanced wastewater-treatment processes that include nitrification (conversion of ammonia nitrogen to nitrate) have been implemented at the large wastewater-treatment plants that discharge into the Trinity River in the Dallas-Fort Worth area. Ammonia consumes oxygen when it is converted to nitrate, and large concentrations of ammonia are toxic to fish and other aquatic organisms. Ammonia levels in the Trinity River downstream from Dallas exceeded the TNRCC criterion for dissolved ammonia in freshwater streams and reservoirs (1.0 milligram per liter) consistently until the late 1980s. Since then, the nitrification process used in wastewater-treatment plants has reduced the amount of ammonia nitrogen that is discharged to the river.
How Has the Fish Community Changed as a Result?
The fish community in the Trinity River immediately downstream from Dallas was almost nonexistent in the early 1970s (Texas Parks and Wildlife Department, 1974) . Only four species of fish were collected by the TPWD during 1972-74-smallmouth buffalo, gizzard shad, common carp, and yellow bass. Four of the six surveys yielded no fish from this reach of the river. Two of the species, gizzard shad and common carp, generally are classified as tolerant taxa and could be expected to tolerate the water-quality conditions in this reach in the 1970s.
The TPWD collected 11 species of fish from this reach in 1987. Although the 1987 survey yielded more species than the 1972-74 surveys, the TPWD still considered the species richness low and attributed the condition to the fishes' exposure to ammonia nitrogen and heavy trace elements introduced from the upstream wastewatertreatment plants (Davis, 1991) . In slightly more than two decades, the fish community in a reach of the Trinity River downstream from Dallas has markedly improved. Improvement is most evident in the number of fish caught and the number of species, including those that are not tolerant of polluted water. 
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Catching fish with a backpack electrofishing device.
White bass being measured and examined. The Trinity, Woodbine, CarrizoWilcox, and Gulf Coast aquifers (and intervening confining units and minor aquifers) in the Trinity River Basin occur as a series of sloping layers that begin at land surface and become more deeply buried toward the gulf coast. The aquifer outcrops delineated on a map of the basin appear as generally coast-parallel bands. The Trinity, Carrizo-Wilcox, and Gulf Coast are major aquifers, on the basis of the quantity of water that can be supplied to wells. The Woodbine is a minor aquifer, but it is important to the study of water-quality conditions in the basin because it underlies the urban DallasFort Worth metropolitan area.
Ground-water samples were collected from wells in the outcrops of the four aquifers from August 1993 to August 1994 and analyzed for nutrients, major inorganic compounds, trace elements, pesticides, organic carbon, and VOCs.
Trinity Aquifer
On the basis of samples from 24 wells less than 200 feet deep in the Trinity aquifer outcrop, ground water in the uppermost zone of the aquifer did not exceed 1996 EPA primary drinking-water standards (MCLs) for the analyzed constituents but has higher than acceptable dissolved solids concentration (salinity) in water from one-half of the wells. (Salinity has an EPA secondary MCL [SMCL] . An SMCL is based on factors such as taste and odor that affect the potability of water but do not pose a health concern.) The salinity could occur naturally or it could be from brines associated with oil and gas production.
Pesticides were detected in Trinity aquifer wells. The insecticide diazinon was detected in nearly one-half the samples, and the DDT derivative p,p'-DDE was detected in samples from four wells. None of the concentrations exceeded the 1996 EPA lifetime HA for diazinon. The herbicide atrazine or its metabolite deethylatrazine was detected in two wells. Benzene, a component of gasoline, was detected in one well at a concentration Trace concentrations of organic compounds, such as pesticides and solvents, show the vulnerability of these aquifers to contamination. less than the 1996 MCL. The pesticide and VOC detections show the vulnerability of shallow ground water in the Trinity aquifer to contamination. The pathway of such compounds into shallow ground water could be through natural recharge or recharge along the outside of well casings that are not completely sealed at the land surface.
Woodbine Aquifer
Analyses of samples from the outcrop of the Woodbine aquifer could indicate shallow ground-water contamination associated with urban land use. Twenty-eight specially constructed monitoring wells less than 50 feet deep were used to sample water in the uppermost aquifer zone. Ten Diagrammatic section showing aquifer configuration in the Trinity River Basin.
Ground-water sampling sites in outcrops of aquifers in the Trinity River Basin.
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MAJOR ISSUES AND FINDINGS
Quality of Ground Water in Aquifer Outcrops
aquifer aquifer aquifer aquifer domestic wells were used to sample water in the deeper aquifer zone (50 to 150 feet deep). The water in the Woodbine aquifer (Reutter, 1996) 
Carrizo-Wilcox Aquifer
In the outcrop of the CarrizoWilcox aquifer, 23 wells less than 300 feet deep were sampled. Samples from seven wells had dissolved solids or iron concentrations that exceeded EPA SMCLs. As in the Trinity aquifer, higher than acceptable salinity could occur naturally or be related to historical brine disposal from oil and gas production; the higher than acceptable iron concentrations occur naturally.
Herbicides were detected in samples from two wells and insecticides in samples from five wells. Trichlorofluoromethane, a VOC used as solvent, was detected in the sample from one well. None of the pesticides or VOCs for which EPA has established MCLs or HAs had concentrations that exceeded those standards.
Gulf Coast Aquifer
In the outcrop of the Gulf Coast aquifer, 24 wells less than 250 feet deep were sampled. Samples from six wells had dissolved solids concentrations that exceeded the EPA SMCL. The excess salinity probably is related to historical brine disposal from oil and gas production. Herbicides were detected in samples from three wells and insecticides in samples from two wells. Trichloromethane, a VOC used as a refrigerant or a solvent, was detected in the sample from one well. As in the Carrizo-Wilcox aquifer, none of the pesticides or VOCs for which the EPA has established MCLs or HAs had concentrations that exceeded those standards.
Water samples from wells in the outcrops of major aquifers did not exceed EPA drinking-water MCLs or SMCLs for trace elements, except for iron at some locations.
A comparison of pesticides detected in shallow ground water in the outcrops with those detected in streams in the outcrops (excluding the main-stem Trinity River sites) indicates that stream water generally contains a greater number of pesticides at higher concentrations than shallow ground water. A larger pesticide presence in streams than in ground water implies that pesticides applied to the land are more readily transported into the streams by runoff than into the shallow ground water by natural recharge or recharge associated with well construction (Brown, 1995) . 
Summary of ground-water-quality data
WATER-QUALITY CONDITIONS IN A NATIONAL CONTEXT Comparison of Trinity River Basin Study Unit Surface-Water Results with Nationwide NAWQA Findings
The median nutrient concentration at a Trinity River site downstream from large wastewater discharges is in the highest category of all NAWQA stream sites, and one sample from the site exceeded the EPA MCL. Otherwise, all the sites except one in a rural area are less than the national median. As expected, the median concentrations at reference sites are in the lowest quartile of all NAWQA Study Units across the Nation.
Concentrations of organochlorine pesticides and PCBs in bed sediments and biota (clam and fish tissue) at two sites on the Trinity River in the Dallas-Fort Worth area are in the highest category of all NAWQA Study Units. Sites in watersheds with little development are in the lowest category.
Seven major water-quality characteristics were evaluated for stream sites in each NAWQA Study Unit. Summary scores for each characteristic were computed for all sites that have adequate data. Scores for each site in the Trinity River Basin were compared with scores for all sites sampled in the 20 NAWQA Study Units during 1992-95. Results are summarized by percentiles; higher percentiles generally indicate poorer quality compared with other NAWQA sites. Water-quality conditions at each site also are compared to established criteria for protection of aquatic life. Applicable criteria are limited to nutrients and pesticides in water and semivolatile organic compounds (SVOCs), organochlorine pesticides, and PCBs in sediment. (Methods used to compute rankings and evaluate aquatic-life criteria are described in Gilliom and others, in press.) Median pesticide concentrations are greater than the national NAWQA median at all three sites for which there were adequate data to make the comparison. Sites with urban watersheds are in the highest category. A site with croplands in the watershed is in the second highest category. Exceedances of drinking-water standards are most often attributed to diazinon in urban streams and atrazine in agricultural streams. 
STREAM HABITAT
Habitat degradation is greater than the national median at one site on the Trinity River. Leveeing of the streams and bank erosion are the most influential factors for this degraded habitat. All the sites on relatively small rural streams are in the least-degraded category.
A fish-community index based on the number of diseased, pollution-tolerant, omnivorous, and nonnative fish is greater than the national NAWQA median at 4 of the 10 sites evaluated. The two most degraded sites are on the Trinity River; one is downstream from DallasFort Worth, and the other is near the mouth of the Trinity River.
TRACE ELEMENTS in streambed sediments
Concentrations of SVOCs (primarily PAHs) in sediments at two sites on the Trinity River in the Dallas-Fort Worth area are in the highest category of all NAWQA sites. However, no compounds exceeded an aquatic-life criterion. Surprisingly, SVOCs at the reference site on Menard Creek are above the national median.
FISH COMMUNITIES
CONCLUSIONS
Nutrient concentrations in most streams in the Trinity River Basin were below national median concentrations for NAWQA Study Units. Two exceptions are the Trinity River downstream from Dallas and a rural site. Pesticide concentrations at two urban sites were in the highest category, and concentrations at an agricultural site were in the second highest category, all above the national NAWQA median.
In general, concentrations of trace elements, PCBs, organochlorine pesticides, and PAHs in streambed sediments and aquatic biota exceeded national medians (highest two categories) or 75th percentiles (highest category) at urban sites and were below national medians at more rural sites.
One urban site, one agricultural site, and two sites on the Trinity River downstream from Dallas had fish-community indices greater than the national median. One of those sites also had habitat degradation greater than the national median.
EXPLANATION
Drinking-water aquifers
Trinity
Carrizo-Wilcox
Gulf Coast
Shallow ground-water area
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FORT WORTH DALLAS WATER-QUALITY CONDITIONS IN A NATIONAL CONTEXT Comparison of Trinity River Basin Study Unit Ground-Water Results with Nationwide NAWQA Findings
Four major water-quality characteristics were evaluated for ground-water studies in each NAWQA Study Unit. Ground-water resources were divided into two categories:
(1) drinking-water aquifers, and (2) shallow ground water underlying agricultural or urban areas. Summary scores were computed for each characteristic for all aquifers and shallow ground-water areas that have adequate data. Scores for each aquifer and shallow groundwater area in the Trinity River Basin were compared with scores for all aquifers and shallow ground-water areas sampled in the 20 NAWQA Study Units during 1992-95. Results are summarized by percentiles; higher percentiles generally indicate poorer quality compared with other NAWQA ground-water studies. Water-quality conditions for each drinking-water aquifer also are compared to established drinking-water standards and criteria for protection of human health. (Methods used to compute rankings and evaluate standards and criteria are described in Gilliom and others, in press .)
The median nitrate nitrogen concentrations are less than the median of comparable aquifers in NAWQA Study Units nationwide except for the Trinity aquifer, which has a median only slightly greater than the national median. The only sample that exceeded the drinking-water standard was from a shallow monitoring well in the Woodbine aquifer in an urban area. This part of the aquifer is not used for drinking-water supply. Describe presence and distribution of agricultural chemicals in streams in a major crop-producing area with irrigation.
Sample streams for 1 year for major inorganic ions, nutrients, pesticides, and suspended sediment. Sampling much more frequent during late spring and summer than fall and winter.
~25
Water-quality trends-Reservoir sediment cores
Determine temporal trends of trace elements, organochlorine compounds, and PAHs in streams.
Collect sediment cores at Lake Livingston and White Rock Lake. Horizontal slices analyzed for age-dating elements, trace elements, organochlorine compounds, and PAHs. The following tables summarize data collected for NAWQA studies from 1992-95 by showing results for the Trinity River Basin Study Unit compared to the NAWQA national range for each compound detected. The data were collected at a wide variety of places and times. In order to represent the wide concentration ranges observed among Study Units, logarithmic scales are used to emphasize the general magnitude of concentrations (such as 10, 100, or 1,000), rather than the precise number. The complete dataset used to construct these tables is available upon request. 
SUMMARY OF COMPOUND DETECTIONS AND CONCENTRATIONS
Semivolatile organic compounds, organochlorine compounds, and trace elements not detected in fish and clam tissue and bed sediment of the Trinity River Basin Study Unit.
a Selected water-quality standards and guidelines (Gilliom and others, in press ). b Rates of detection are based on the number of analyses and detections in the Study Unit, not on national data. Rates of detection for herbicides and insecticides were computed by counting only detections equal to or greater than 0.01 µg/L to facilitate equal comparisons among compounds, which had widely varying detection limits. For herbicides and insecticides, a detection rate of "<1%" means that all detections are less than 0.01 µg/L, or the detection rate rounds to less than 1%. For other compound groups, all detections were counted and minimum detection limits for most compounds were similar to the lower end of the national ranges shown. Method detection limits for all compounds in these tables are summarized in (Gilliom and others, in press) .
c Detections of these compounds are reliable, but concentrations are determined with greater uncertainty than for the other compounds and are reported as estimated values (Zaugg and others, 1995) . d The guideline for methyl tert-butyl ether is between 20 and 40 µg/L; if the tentative cancer classification C is accepted, the lifetime health advisory will be 20 µg/L (Gilliom and others, in press ).
e Selected sediment-quality guidelines (Gilliom and others, in press ). 
Semivolatile organic compounds
Organochlorine compounds
Trace elements
No nondetects
The terms in this glossary were compiled from numerous sources. Some definitions have been modified and may not be the only valid ones for these terms.
Algae -Chlorophyll-bearing, nonvascular, primarily aquatic species that have no true roots, stems, or leaves; most algae are microscopic, but some species can be as large as vascular plants. Ammonia -A compound of nitrogen and hydrogen (NH 3 ) that is a common by-product of animal waste. Ammonia readily converts to nitrate in soils and streams. Anomalies -As related to fish, externally visible skin or subcutaneous disorders, including deformities, eroded fins, lesions, and tumors. Aquifer -A water-bearing layer of soil, sand, gravel, or rock that will yield usable quantities of water to wells. Bank -The sloping ground that borders a stream and confines the water in the natural channel when the water level, or flow, is normal. Basic Fixed sites -Sites on streams at which streamflow is measured and samples are collected for temperature, salinity, suspended sediment, major ions and trace elements, nutrients, and organic carbon to assess the broad-scale spatial and temporal character and transport of inorganic constituents of stream water in relation to hydrologic conditions and environmental settings. Bed sediment -The material that temporarily is stationary in the bottom of a stream or other watercourse. Bioaccumulation -The biological sequestering of a substance at a higher concentration than that at which it occurs in the surrounding environment or medium. Also, the process whereby a substance enters organisms through the gills, epithelial tissues, dietary, or other sources. Biochemical oxygen demand (BOD) -The amount of oxygen, measured in milligrams per liter, that is removed from aquatic environments by the life processes of microorganisms. Bioconcentration -A process by which there is a net accumulation of a chemical directly from water into aquatic organisms resulting from simultaneous uptake (for example, by gill or epithelial tissue) and elimination. Biota -Living organisms. Channelization -Modification of a stream, typically by straightening the channel, to provide more uniform flow; often done for flood control or for improved agricultural drainage or irrigation. Chlordane -Octachloro-4,7-methanotetrahydroindane. An organochlorine insecticide no longer registered for use in the United States. Technical chlordane is a mixture in which the primary components are cis-and trans-chlordane, cis-and trans-nonachlor, and heptachlor. Concentration -The amount or weight of a substance present in a given volume or weight of sample. Usually expressed as micrograms per liter (water sample) or micrograms per kilogram (sediment or tissue sample). Constituent -A chemical or biological substance in water, sediment, or biota that can be measured by analytical methods. Contamination -Degradation of water quality compared to original or natural conditions due to human activity. Cubic foot per second -The rate of water discharge representing a volume of 1 cubic foot passing a given point during 1 second, approximately equivalent to 7.48 gallons per second or 448.8 gallons per minute or 0.02832 cubic meter per second. DDT -Dichlorodiphenyltrichloroethane. An organochlorine insecticide no longer registered for use in the United States. Detection limit -The concentration below which a particular analytical method cannot determine, with a high degree of certainty, a concentration. Dieldrin -An organochlorine insecticide no longer registered for use in the United States. Also a degradation product of the insecticide aldrin. Discharge -Rate of fluid flow passing a given point at a given moment in time, expressed as volume per unit of time. Dissolved constituent -Operationally defined as a constituent that passes through a 0.45-micrometer filter. Ecoregion -An area of similar climate, landform, soil, potential natural vegetation, hydrology, or other ecologically relevant variables. Effluent -Outflow from a particular source, such as a stream that flows from a lake or liquid waste that flows from a factory or sewage-treatment plant. Environmental setting -Land area characterized by a unique combination of natural and human-related factors, such as rowcrop cultivation or glacial-till soils. Eutrophication -The process by which water becomes enriched with plant nutrients, most commonly nitrogen and phosphorus. Fish community -A group of populations of fish that interact in a common area. Fixed sites -NAWQA's most comprehensive monitoring sites. See Basic Fixed sites and Intensive Fixed sites. Flow-path study -Network of clustered wells located along a flow path extending from a recharge zone to a discharge zone, preferably a shallow stream. The studies examine the relations of land-use practices, ground-water flow, and contaminant occurrence and transport. The studies are located in the area of one of the land-use studies.
